A pot experiment was conducted to evaluate the effect of nitrogen (N) fertilizer and maize straw incorporation on the accumulation of NH 4 + -15 N and NO 3 --15 N in soil inorganic N pool among three consecutive cropping cycles, aimed to search for an effective N management practice to decrease superfluous accumulation of soil inorganic N and fertilizer N losses. The results showed that the amounts of soil NH 4 + -15
INTRODUCTION
Nitrogen (N) is one of the critical nutrients for crop production and is generally applied in large quantities in form of fertilizer to soils (Malhia et al., 2001; Murshedul et al., 2006; Singh et al., 2007; Kong et al., 2008) . However, most plants only utilize less than one-half of fertilizer N applied, and the loss of fertilizer N was high (Zhu, 2000; Zhu and Chen, 2002) . Nitrogen management in agro-ecosystems has been extensively studied due to its importance in improving crop yield and quality, and in mitigating the negative effects of fertilizer N losses such as nitrate contamination of groundwater, eutrophication of surface water, and greenhouse effect (Hillin and Hudak, 2003; De Paz and Ramos, 2004; Alam et al., 2006; Dambreville et al., 2008) .
NH [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Lu et al. Soil exchangeable inorganic N is the common source of various N losses (Zhu, 2000) , whereas the immobilization and release of fertilizer N in soil organic N and fixed NH 4 + pools are important processes regulating fertilizer N transformation in soil, and play an important role in controlling soil Npotential supply (Mubarak et al., 2001; Macdonald et al., 2002; Elmaci et al., 2002; Lu et al., 2010) . Therefore, a key challenge in minimizing loss of chemical fertilizer N is how to decrease the superfluous accumulation of soil exchangeable inorganic N, accelerate its transformation to other N forms (such as organic N and fixed NH 4 + ), and synchronize the supply of available N with plant uptake during peak periods of crop N demand (Zhu, 2000; Lin et al., 2007) . Understanding the accumulation of fertilizer N in soil inorganic N pool under different fertilization practices is of considerable importance in developing proper fertilization practice for minimizing fertilizer N loss while maximizing its use efficiency (Angás et al., 2006; Lu et al., 2008) .
China consumes more than one quarter of total fertilizer N of the world (Li et al., 2007; Zhu et al., 2008) . However, loss of fertilizer N in China is high (Zhu and Chen, 2002; Luo et al., 2006; Jing et al., 2007) . Especially for Northeast China, which is famous for commercial crop production in China, decreasing fertilizer N loss and increasing its utilization efficiency is very important for sustainable development of agriculture in this region (Hu et al., 2007; Ma et al., 2007; Peng et al., 2007) . Black soil (Hapli-Udic Isohumosols) is the main agricultural soil in Northeast China, but until now, researches focusing on the effects of different fertilization practices on the accumulation of soil inorganic N are still lacking. In this study, a pot experiment was conducted to examine the 
MATERIALS AND METHODS

Study site
The study was conducted at the National Field Observation and holding capacity (WHC). The basic properties of the tested soil and fertilization treatments of outdoor pot experiment were given in Table 1  and Table 2 15 N was applied in the first cropping cycle, and non-labeled urea-N fertilizer was applied in the following two cropping cycles.
Sampling and analytical methods
Soil samples from the pots were collected on 19 May, 5 June, and 3 July 2006 (tillering anaphase, flowering, and ripening stage of spring wheat in the first cropping cycle), on 1 October 2006 (ripening stage of buckwheat in the second cropping cycle), and on 29 June 2007 (ripening stage of spring wheat in the third cropping cycle) by destructive sampling method. All fresh soil samples were sieved (<2 mm), and mixed homogeneously. About 100 g fresh subsamples were used to determine moisture content, soil NH 4 + -N and NO 3 --N, and their atom% 15 N. Total carbon was measured using TOC-5000A automatic analyzer (Shimadzu Corporation, Japan). Total P and K were measured by sodium carbonate fusion and molybdenum antimony-ascorbic acid colorimetric method (Olsen and Sommers, 1982) . Available P and K were determined by extraction method with sodium bicarbonate (Olsen et al., 1954) and ammonium acetate (Pratt, 1965) , respectively. Soil mechanical composition and clay mineral composition was measured by pipette method and X-ray diffraction analysis, respectively (Whitting, 1965) .
Total N was determined by the Kjeldahl method (Bremner and Mulvaney, 1982) , inorganic N was measured by 2M KCl extraction-MgODevarda alloy distillation method (Keeney and Nelson, 1982) , and fixed NH 4 + was determined by KOBr-KOH method (Silva and Bremner, 1966 15 N to applied 15 N-labeled fertilizer (P NH4 , P NO3 and P i ) was calculated according to the following formulas:
Where C is the amount (mg N kg Figure 1 ). Compared to the low N application rate, the high N application rate significantly increased the N1+M  N2  N2+M  N1  N1+M  N2  N2+M  N1  N1+M  N2  N2+M  N1  N1+M  N2  N2+M  N1  N1+M  N2  N2+M 19-May-06 5-Jun-06 3-Jul-06 1-Oct-06 29-Jun-07
Statistical analysis of data
Sampling time
Amount (mg N kg Figure 1 ). Compared to the low N application rate, the high N application rate significantly increased the amount of soil NO 3 --15 N by 132.9% across three consecutive cropping cycles, and this increasing pattern weakened with time (p ≤ 0.001, Table 3, Figure 1 ). However, applying maize straw had no effects on the amount of soil (Figure 2 ).
Distribution of 15 N-labeled fertilizer in soil inorganic N pool
The percent of soil NH 4 + -
15
N to applied 15 N-labeled fertilizer (P NH4 ) decreased significantly with sampling time (p ≤ 0.001, Table 4, Table 5 ). On 19 May 2006, the P NH4 was averagely 11.12% across four fertilization treatments, and the corresponding proportions were 1.45%, 0.07% and 0.03% on 3 July, 1 October 2006 and 29 June 2007, respectively (Table 4) . Compared to the low N application rate, the high N application rate remarkably elevated the P NH4 by 69.1% across three consecutive cropping cycles, and this effect was the highest at the flowering stage and then
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Proportion ( weakened with time (p ≤ 0.001, Table 4,  Table 5 ). In contrast, maize straw addition significantly lowered the P NH4 by 19.6% in the tillering anaphase of the first cropping cycle, and this effect disappeared with sampling time, compared to those without maize straw addition (p ≤ 0.01, Table 4 , Table 5 ).
The percent of soil NO 3 --15 N to applied 15 N-labeled fertilizer (P NO3 ) significantly decreased with sampling time (p ≤ 0.001, Table 4, Table 5 ). On 19 May 2006, the P NO3 was averagely 2.90% across four fertilization treatments, and the corresponding proportions were 2.86%, 0.66% and 0.21% on 3 July, 1 October 2006 and 29 June 2007, respectively (Table 4) . The high N application rate significantly increased the P NO3 by 13.0% across three consecutive cropping cycles, compared to the low N application rate, and this increasing pattern weakened with time (p ≤ 0.05, Table 4, Table 5 ).
However, no significant effect from maize straw addition was observed in the P NO3 (p > 0.05, Table 4 , Table 5 ).
The percent of soil inorganic 15 N to applied 15 N-labeled fertilizer (P i ) significantly decreased with sampling time (p ≤ 0.001, Table 4 , Table 5 ). The highest P i was 14.01% in the tillering anaphase across four fertilization treatments. The change trend of P i was the same with P NH4 in different fertilization treatments (Table 4, Table 5 ).
DISCUSSION
Chemical N fertilizer existed in form of inorganic N. Thus it was expected that application of chemical N fertilizer enhanced the size of soil inorganic N pool. Our observation supported the above speculation that high N application NH [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Lu et al. (Lu, unpublished, Gentile et al., 2009; Nayak et al., 2007; Chaves et al., 2006) .
The amount of soil NH 4 + -15 N was higher than that of soil NO 3 --15 N at the tillering anaphase and flowering stage, and then the trend was reversed at the ripening stages of three cropping cycles (Figure 1, 2) , which suggested that the nitrification of soil NH 4 + -
15
N was low within 27 days after fertilization, and NH [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Lu et al. 
